Introduction {#sec0005}
============

Osteoarthrosis is the commonest aging process among mammals.[@bib0005] It is also known as degenerative joint disease (DJD) and is characterized by its non-infectious and degenerative nature. It causes destruction of joint cartilage and leads to joint deformity due to disorders of normal cell differentiation.[@bib0010], [@bib0015], [@bib0020] Although it is classified as non-inflammatory, a continuous low-grade inflammatory process is associated with DJD and this leads to osteoarthritis.[@bib0020]

The etiology of the degenerative process begins with aging, but the inflammatory or infectious diseases that destroy the cartilaginous structure, or trauma involving the cartilage, may precipitate osteoarthrosis.[@bib0010] The process is characterized by progressive erosion of the joint cartilage and leads to reduction of the joint space, subchondral sclerosis, formation of marginal osteophytes, subchondral cysts and synovial inflammation, which results in pain and reduction of functional capacity.[@bib0025]

The objectives of therapy for osteoarthritis are to diminish the pain and maintain or improve joint function. Over the last few years, many studies have investigated the potential function of anti-inflammatory and chondroprotective agents for repairing joint cartilage, controlling inflammatory reactions and decelerating the degenerative process.[@bib0015]

Non-steroidal anti-inflammatory drugs (NSAIDs) are the agents most used for alleviating pain over short and long periods of time. However, care needs to be taken in view of the possible adverse effects, such as gastrointestinal problems, hepatotoxicity and nephrotoxicity.[@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050]

With the focus on cartilage repair, the aims here were to use the technique of trochleoplasty by means of abrasion, in order to study the morphological changes and cartilaginous tissue remodeling that were induced in experimental osteoarthritis induced in rabbits, and to analyze the use of the NSAID meloxicam directly on the target, intra-articularly, which would provide an optional route for minimizing the possible adverse effects caused by systemic administration.

Material and Method {#sec0010}
===================

Thirty-five healthy New Zealand rabbits (*Oryctolagus cuniculus*) of both sexes, weighing between 1 and 2 kg and of age 90 days, were used. The rabbits were subjected to general clinical and orthopedic examinations and laboratory tests. The project was approved by the Ethics Committee for Animal Use of União Pioneira de Integração Social (UPIS), under protocol number 02/10.

The rabbits were randomly divided into four groups. For the surgical procedure, it was decided to standardize on the right femorotibial-patellar joint.

**Control group (CG)**: non-operated, with five animals.

Treated groups, with 10 animals each, subdivided according to the administration route for the anti-inflammatory medication and the postoperative period (7 or 30 days):

**Systemic group (SG)**: subcutaneous administration route for the anti-inflammatory medication, comprising five animals with a postoperative period of seven days (**SG7**) and five animals with 30 days (**SG30**).

**Intra-articular group (IAG)**: intra-articular administration route for the anti-inflammatory medication, comprising five animals with a postoperative period of seven days (**IAG7**) and five animals with 30 days (**IAG30**).

**Positive control group (CG+)**: without anti-inflammatory medication, comprising five animals with a postoperative period of seven days (**CG+7**) and five animals with 30 days (**CG+30**).

The rabbits received anesthetic medication consisting of ketamine (30 mg/kg, intramuscularly) and xylazine (5 mg/kg, intramuscularly), together, and also anesthesia in the epidural lumbosacral region, with application of 2% lidocaine (0.3 mL/kg).

To experimentally induce osteoarthrosis, the technique of trochleoplasty by means of abrasion was used. The surgical access comprised a lateral approach to the knee joint, as described by Fossum.[@bib0020] The patella was dislocated to enable exposure of the femoral trochlea. The knee was flexed and, with the aid of a spherical milling device of 2 mm in diameter, coupled to a high-rotation microgrinder, the trochleoplasty procedure was performed by deepening the trochlear groove down to the subchondral bone, which avoided damaging the trochlear borders and the adjacent joint cartilage.

During the surgical procedure, after closing the capsule and retinaculum, the animals in the intra-articular group (IAG) received meloxicam, in a single dose of 0.5 mg/kg, intra-articularly.

The animals in the systemic group (SG) received meloxicam at a dose of 0.2 mg/kg, subcutaneously every 24 h, for three consecutive days.

All the animals operated received prophylactic antibiotic therapy comprising an association of penicillins and dihydrostreptomycins at a dose of 50,000 UI/kg, intramuscularly every 48 h (three applications). They also received analgesic comprising tramadol hydrochloride at a dose of 4.0 mg/kg, subcutaneously every 12 h, for three consecutive days, as described by Lichtenberger.[@bib0055]

At the preestablished times of 7 and 30 days after the operation, the animals were evaluated to described the macroscopic changes to the joint and to collect samples for histological analysis. The animals were anesthetized using ketamine (30 mg/kg, intramuscularly) and xylazine (5 mg/kg, intramuscularly) and were sacrificed by applying an overdose of 2.5% sodium thiopental and 19.1% potassium chloride, in accordance with the recommended standards for use of animals in scientific research.[@bib0060]

The distal epiphyses of the femur were collected and stored in individual flasks with 10% buffered formaldehyde solution at room temperature, for histological evaluation.

In the histopathological analysis, using sections stained by means of the hematoxylin--eosin (HE) and Gomori trichrome (GT) methods, the biological response was determined as a function of the cartilage repair process and inflammatory changes in the joint. Using a blinded analysis, the results were assessed according to their histological grading, in score tables that had been modified from previous studies conducted by Oliveira[@bib0065] and Saricaoglu et al.[@bib0070]

To evaluate the nonparametric data from the histological analysis on cell morphology and joint inflammatory reaction, the Mann--Whitney Rank Sum test was used to make comparisons between the groups. All the comparisons were made at the significance level of 5% (*p*≤0.05). For this, the SigmaStat for Windows statistical software, version 3.0.1, was used.

For the other evaluations, on the data obtained through macroscopic and histological analyses, descriptive methods were used.

Results {#sec0015}
=======

The trochlear groove of the negative control group (CG−) was evaluated as a means of macroscopic comparison. No surface changes were observed ([Fig. 1](#fig0005){ref-type="fig"}A).Figure 1Photograph of the right knee of an animal in CG−, without abnormalities, with a smooth and shiny joint surface, without changes of relief.

Seven days after the operation, the following macroscopic observations could be made in the groups evaluated:•In four animals of the group CG+7 (4/5, 80%), areas of irregularity were observed in the repair tissue and the reddened borders at the transition to the adjacent cartilage ([Fig. 2](#fig0010){ref-type="fig"}A).Figure 2(A) Photograph of the trochleoplasty region of the right knee of an animal in CG+7, with areas of irregularity in the repair tissue and reddened border at the transition to the adjacent normal cartilage (arrow). (B) Photograph of the trochleoplasty region of the right knee of a rabbit in IAG7, with areas of irregularity in the repair tissue but without areas of hyperemia (white arrow), and presenting whitened tissue at the extremities of the lesion (dashed arrow).•This feature was also observed in three animals of the group SG7 (3/5, 60%) and in one animal of the group IAG7 (1/5, 20%).•In three animals in the group IAG7 (3/5, 60%) and in two animals of the group SG7 (2/5, 40%), these areas of irregularity in the repair tissue presented small areas of hyperemia and whitened tissue at the extremities of the lesion ([Fig. 2](#fig0010){ref-type="fig"}B).

After 30 days, the following macroscopic observations could be made in the groups evaluated:

Fewer irregularities in the repair tissue, which presented continuity with the adjacent normal cartilage in four animals of the group CG+30 (4/5, 80%), in all the animals in the group SG30 (5/5, 100%) and in four animals of the group IAG30 (4/5, 80%) ([Fig. 3](#fig0015){ref-type="fig"}).Figure 3Photograph of the trochleoplasty region of an animal in SG30, with regular repair tissue surface that is continuous with the adjacent normal cartilage (dotted arrow).

During the microscopic evaluation on the joint cartilage, it was possible to make the following observations:•In the animals of the group CG− (5/5, 100%), the trochlear groove presented a covering of hyaline cartilaginous tissue, with absence of inflammatory cells.•Four animals of the group CG+7 (4/5, 80%) and one animal of the group SG7 (1/5, 20%) presented mild to moderate inflammatory reactions in the area of the trochlear groove, with intense deposition of fibrous connective tissue, surface irregularity, congestion and edema, along with a low neutrophil count ([Fig. 4](#fig0020){ref-type="fig"}A).Figure 4Photomicrograph of the transition area between the trochlea groove (TG) lesion and the adjacent cartilaginous tissue (CT). (A) In a rabbit of the group CG+7. Note the intense formation of fibrous connective tissue (FCT) with subchondral lacunae. (B) In a rabbit of the group IAG7. Note the absence of formation of repair tissue in the area of the trochlea groove (TG) lesion, and the intense hemorrhaging (h). (C) In a rabbit of the group SG7, with formation of fibrocartilage (FC) and slight inflammatory reaction. Note the presence of mononuclear cells (arrow) and neovascularization (neo). (HE; 40×). (D) In a rabbit of the group SG7, showing irregularity, with areas filled with fibrocartilage (FC). Note area of neovascularization (neo) (GT; 40×).•In two animals of the group SG7 (2/5, 40%) and three animals of the group IAG7 (3/5, 60%), a minimal inflammatory reaction was observed, with mild congestion and edema, areas of intense hemorrhage and absence of healing tissue in the region of the trochlear groove, where the trochleoplasty was performed ([Fig. 4](#fig0020){ref-type="fig"}B).

The other animals presented mild to moderate inflammatory reactions, with the presence of neutrophils and macrophages, along with deposition of fibrocartilaginous tissue stained with hematoxylin and eosin (HE) ([Fig. 4](#fig0020){ref-type="fig"}C), which was seen better on slides stained with Gomori trichrome (GT) ([Fig. 5](#fig0025){ref-type="fig"}D).Figure 5Photomicrograph of the transition area between the trochlear groove (TG) lesion and the adjacent cartilaginous tissue (CT). (A) In a rabbit of the group CG+30. Note the continuity of the tissue, with intense formation of cartilaginous tissue (c). (B) In a rabbit of the group IAG30. Note continuity of the tissue (HE; 40×). (C) In a rabbit of the group SG30, with formation of cartilaginous tissue (CT). Note disorganization of the collagen (c) (GT; 40×).

Also during the microscopic evaluation on the joint cartilage, in relation to the animals that were examined 30 days after the operation, it was possible to make the following observations:•In four animals of the group CG+30 (4/5, 80%), a minimal inflammatory reaction was observed, with mild congestion and edema, presence of hyaline cartilage and little fibrocartilage ([Fig. 5](#fig0025){ref-type="fig"}A).•Four animals of the groups SG30 and IAG30 (4/5, 80%) no longer presented any inflammatory cells and only presented hyaline cartilage, which was stained using HE ([Fig. 5](#fig0025){ref-type="fig"}B) and GT and showed the disorganization of the collagen ([Fig. 5](#fig0025){ref-type="fig"}C).

In making statistical comparisons between the groups seven days after the operation, there were no significant differences (*p*≤0.05). However, in comparing the animals after 30 days, it was seen that there was a greater inflammatory reaction in the operated control group (CG+30), in relation to the group that received systemic medication ([Table 1](#tbl0005){ref-type="table"}).Table 1Grading of the Cell Morphology Found in the Joint Cartilage of the Groups.CG−CG+7SG7IAG7CG+30SG30IAG30052[a](#tblfn0005){ref-type="table-fn"}211^\#^2053[a](#tblfn0005){ref-type="table-fn"}611^\#^1056[a](#tblfn0005){ref-type="table-fn"}611^\#^1055[a](#tblfn0005){ref-type="table-fn"}611^\#^5026[a](#tblfn0005){ref-type="table-fn"}151^\#^1[^1][^2]

In addition, it was observed that there was also a change in the significant inflammatory reaction (*p*≤0.05), in comparing the rabbits that received systemic meloxicam and were examined seven days after the operation (SG7) with those that were examined after 30 days (SG30).

In comparing the cell morphology, there was a significant difference between the rabbits that received systemic meloxicam and were examined seven days after the operation (SG7), and those that were examined after 30 days (SG30) ([Table 2](#tbl0010){ref-type="table"}).Table 2Grading of the Inflammatory Reaction Found in the Joints of the Groups.CG−CG+7SG7IAG7CG+30SG30IAG30031[a](#tblfn0010){ref-type="table-fn"}31[b](#tblfn0015){ref-type="table-fn"}1[a](#tblfn0010){ref-type="table-fn"}^,^[b](#tblfn0015){ref-type="table-fn"}2021[a](#tblfn0010){ref-type="table-fn"}01[b](#tblfn0015){ref-type="table-fn"}0[a](#tblfn0010){ref-type="table-fn"}^,^[b](#tblfn0015){ref-type="table-fn"}0021[a](#tblfn0010){ref-type="table-fn"}01[b](#tblfn0015){ref-type="table-fn"}0[a](#tblfn0010){ref-type="table-fn"}^,^[b](#tblfn0015){ref-type="table-fn"}0032[a](#tblfn0010){ref-type="table-fn"}11[b](#tblfn0015){ref-type="table-fn"}0[a](#tblfn0010){ref-type="table-fn"}^,^[b](#tblfn0015){ref-type="table-fn"}0011[a](#tblfn0010){ref-type="table-fn"}11[b](#tblfn0015){ref-type="table-fn"}0[a](#tblfn0010){ref-type="table-fn"}^,^[b](#tblfn0015){ref-type="table-fn"}0[^3][^4][^5]

Discussion {#sec0020}
==========

This study was characterized by being conducted using an intra-articular route in a rabbit model for experimental osteoarthritis. Trochleoplasty by means of abrasion was used, since this is a route with few reports in veterinary medicine.

In the histopathological evaluation of the trochlear groove, it was noted that in the group CG+7, the hyaline cartilage of the joint surface was replaced by fibroblast-rich connective tissue with a delicate structure, with deposition of immature type III collagen and numerous blood vessels, and with the presence of a mild to moderate inflammatory reaction. This confirmed the observation that the joint cartilage had lost its homogenous nature and was broken and fragmented, with fibrillation. In this regard, Silva[@bib0075] also described the presence of intensely vascularized tissue, with a high cell content and dense connective tissue covering the area of the trochlear groove lesion.

Corroborating Souza et al.,[@bib0080] the macroscopic evaluated showed the presence of irregularities and reddened areas on the edges of the lesion, which confirmed that the joint tissue was avascular and the inflammatory reaction mediated by blood vessels began in the underlying tissue.

The histochemical staining of the matrix for proteoglycans was unequal, and the line of separation between the calcified cartilage and the radial zone had been invaded by capillaries.[@bib0025] For this reason, it needs to be emphasized that the subchondral bone was accessed during the trochleoplasty procedure, which is the primary source for developing such responses. Thus, the promoter cells had access to the lesion and enabled formation of tissue composed of fibrocartilage. This finding reflects inadequate tissue repair, given that collagens I and II are not usually expressed in cartilaginous tissue, as also observed by Velosa et al.[@bib0085] and Rossi.[@bib0090]

Fibrocartilage or fibrous cartilage is a transitional tissue and has functional and structural properties that are between those of dense connective disuse and hyaline cartilage. As cited by Ghivizzani et al.[@bib0095] and Oliveira,[@bib0065] although fibrocartilage is resistant to tension, it is characterized by the presence of collagen I. Therefore, the formation of fibrocartilage that was observed was undesired, because it altered the structural and biomechanical properties of the joint.

Although growth of this type of tissue was also found in some animals in the groups that underwent surgical intervention (SG7 and IAG7), what drew attention most was that two animals in the group SG7 (2/5, 40%) and in three animals in IAG7 (3/5, 60%), not only were there no inflammatory cells, but also, microscopically, the site only presented areas with absence of healing tissue in the area of the trochleoplasty, without signs of tissue repair. These were macroscopically observed as irregular areas and whitened tissue. This leads to the conclusion that, independent of the administration route, the presence of anti-inflammatory agents blocked the metabolization of arachidonic acid by the COX-2 route and impeded production of prostaglandins and consequently their inflammatory metabolites, in the repair tissue, as also observed in the experiment conducted by Marchionni et al.[@bib0100]

Integrins, which form one of the main families of cell surface receptors, participate in the migration of neutrophils through binding these cells to vessel walls, which enables diapedesis. However, since integrins are inhibited by the action of medications derived from oxicams, reduction of polymorphonuclear cells takes place. This was seen in the present investigation, which confirms what is said in the literature regarding meloxicam, i.e. that it is a non-steroidal anti-inflammatory agent that is preferentially selective for COX-2 and which demonstrates a capacity to inhibit inflammation during the acute phase.[@bib0100]

These cells are responsible for absorption of the fibrin of the coagulum. They synthesize growth factors that are chemotaxic and mitogenic toward the endothelial cells that are present on the periphery of the lesion, and they promote migration and formation of new vessels. For this reason, reduction of these growth factors also diminishes cell repair, given that the healing process needs to firstly go through the inflammation phase, so that the necrosed tissue can be phagocytized and fibroblasts can be recruited to start the healing cascade, and thereafter go through the phases of proliferation, differentiation and tissue maturation.[@bib0105], [@bib0110]

In the same analysis, but now on the animals examined 30 days after the operation, there was no statistically significant difference between the groups operated and the positive control (CG+30), in relation to tissue repair, given that in a large proportion of the animals in the groups CG+30, SG30 and IAG30, there were large quantities of hyaline cartilage and little fibrocartilage, although they still presented disorganization of the collagen, as seen using trichrome staining. However, there was a significant difference between the medicated groups and the positive control regarding the inflammatory reaction, since the cellularity observed in the histological analysis on the medicated animals was visibly lower.

It is known that joint cartilage is a sparsely cellular tissue, and that its biochemical characteristics mainly reflect the composition of the extracellular matrix. It is formed from type II collagen and proteoglycans, which are responsible for the stiffness and elasticity of the tissue. Macroscopically, it is a smooth and shiny tissue.[@bib0025] These observations could be made through macroscopic and microscopic evaluations on the lesion. These findings demonstrate that long-term use of anti-inflammatory agents enabled good cartilage repair, without any significant difference between the control group and the groups with systemic and intra-articular administration, but without any continuation of an inflammatory reaction.

With decreasing concentrations of inflammatory prostaglandins, the increase in vascular permeability and the tissue aggression that these mediators cause are minimized through the action of the medication. This action therefore favors fibrogenesis and makes the extracellular matrix of animals subjected to the action of meloxicam richer in cells and more organized in collagen fibers at the lesion site.[@bib0100]

Putting together the data from the four groups and the observation times, analysis on the variables relating to acute and chronic inflammation and to repair showed that meloxicam controlled the acute inflammatory reaction (seven days after the operation), independent of the administration route. Thirty days after the operation, this control over the inflammatory reaction was maintained, which enabled satisfactory repair of the cartilaginous tissue of the femorotibial-patellar joint.

It is known that many patients who undergo joint surgery may require prolonged use of anti-inflammatory agents. However, their use via a systemic route, even at a therapeutic dose, may lead to adverse reactions such as hepatotoxicity and, particularly, gastrointestinal disorders, as described by Alencar et al.[@bib0115]

A single application of meloxicam intra-articularly achieved a result similar to what was found using systemic administration. For this reason, it can be suggested that intra-articular application can be used rationally as treatment in the immediate postoperative period, for joint surgery.

Conclusion {#sec0025}
==========

From evaluating the results obtained from the experimental model of this study, by means of macroscopic and histopathological examinations, it can be concluded that meloxicam is effective for controlling the joint inflammatory process, both in systemic and in intra-articular applications, and it enables cartilage remodeling in an experimental model using rabbits. Thus, this study contributes toward advancing knowledge and allows several new questions to be asked, with new proposals for local anti-inflammatory treatment.
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[^1]: 0, normal; 1, cartilage and some fibrocartilage; 2, fibrocartilage; 3, some fibrocartilage, but many non-chondrocytic cells; 4, only non-chondrocytic cells; 5, fibrous tissue; 6, absence of healing tissue. Grading adapted from Oliveira.[@bib0065]

[^2]: Statistical difference between subgroups (*p*≤0.05); grading adapted from Oliveira.[@bib0065]

[^3]: 0, no inflammation; 1, minimal inflammation (slight congestion and edema); 2, mild inflammation (erosion of the joint surface, congestion and edema; low neutrophil count); 3, moderate inflammation (presence of neutrophils and macrophages); 4, severe inflammation (presence of neutrophils and macrophages; fibrin exudate). Grading adapted from Saricaoglu et al.[@bib0070]

[^4]: Statistical difference between subgroups (*p*≤0.05). Grading adapted from Saricaoglu et al.[@bib0070]

[^5]: Statistical difference between groups (*p*≤0.05).
